Aims-To report the appearances of iridocorneal endothelial (ICE) syndrome from real time, white light confocal microscopy. Methods-Three consecutive patients, each with ICE syndrome, were examined prospectively. Corneal specular and confocal microscopic examinations were performed in all three patients. In the first patient, a penetrating keratoplasty was performed and the cornea was examined by light and scanning electron microscopy. No surgery was performed in the remaining two patients. Results-In the first patient corneal oedema prevented endothelial specular microscopy. Confocal microscopy performed before penetrating keratoplasty successfully revealed abnormal epitheliallike endothelial cells. Histological examinations of the cornea following penetrating keratoplasty revealed the presence of multilayered endothelial cells with epithelial features (microvilli). In the remaining two patients, specular microscopy showed the presence of ICE cells with typical dark/light reversal. Confocal microscopy demonstrated groups of endothelial cells with epitheloid appearances. In all three patients, the contralateral endothelial appearance was normal by specular and confocal microscopy, except for moderate endothelial polymegathism in one patient. Epithelial-like endothelial cells were characterised by prominent nuclei on confocal microscopy. Conclusions-The application of confocal microscopy indicates that the ICE syndrome is characterised by epitheloid changes in the endothelium. Confocal microscopy may be used to diagnose the ICE syndrome by demonstrating epithelial-like endothelial cells with hyperreflective nuclei. This technique is especially of value in cases of corneal oedema, since specular microscopy may fail to image the endothelium in such cases. (Br J Ophthalmol 1999;83:697-702) The iridocorneal endothelial (ICE) syndrome is a progressive, usually unilateral, and nonfamilial disorder with female predominance. It is characterised by corneal failure, iris destruction, and glaucoma. An abnormality of the corneal endothelium is thought to be the common aetiological basis for the diVerent manifestations.
The iridocorneal endothelial (ICE) syndrome is a progressive, usually unilateral, and nonfamilial disorder with female predominance. It is characterised by corneal failure, iris destruction, and glaucoma. An abnormality of the corneal endothelium is thought to be the common aetiological basis for the diVerent manifestations. 1 2 Confocal microscopy allows superior vertical and lateral resolution and image contrast, compared with conventional imaging methods, and real time in vivo examination of all layers of the cornea. 3 Clinically, it has been successfully used to reveal distinguishing characteristics in Fuchs' endothelial dystrophy, various traumatic lesions, and infectious keratitis. 4−13 Because of the optical properties of the confocal microscope, which makes it particularly suitable for endothelial examination, 4 and since the ICE syndrome is characterised by corneal endothelial abnormality, it is likely that confocal microscopy may provide a new diagnostic approach to the ICE syndrome. We report in this study three consecutive cases of ICE syndrome. Results of confocal microscopic examination of the corneas are presented.
Materials and methods
Three patients diagnosed with the ICE syndrome were examined. All patients underwent specular microscopy using a non-contact microscope (Topcon SP 2000 P, Tokyo, Japan). In the first patient, confocal microscopy was performed using a prototype tandem scanning, white light, confocal microscope (LSU Eye Center, New Orleans, LA, USA), which had a 20×/0.60 contact objective. In the second and the third patients, our current prototype tandem scanning, white light, confocal microscope (LSU Eye Center, New Orleans, LA, USA), utilising a 24×/0.60 contact objective, was used. With both microscopes, liquefied methylcellulose was used as a coupling gel. The images were captured using a video camera (CCD 200 E, Videoscope International, Washington DC, USA) and stored on S-VHS video tapes. CASE 1 A 46 year old white male patient with decreased vision in the left eye was referred with suspected herpes simplex virus keratitis. His family history was negative for ocular diseases. The patient had self medicated with preservative-free artificial tears in the left eye. Best corrected vision was 20/20 and 20/70 in the right and left eye, respectively. Slit lamp and funduscopic examinations of the right eye were normal. In the left eye, corneal oedema was noted along with epithelial bullae. The endothelium had a hammered silver appearance. There were no keratic precipitates and the anterior chamber was quiet. No abnormalities could be detected in the posterior segment. The intraocular pressure was 13 mm Hg in the right eye and 11 mm Hg in the left.
Corneal thickness measured by ultrasound pachymetry was 0.554 µm in the right eye and 0.656 µm in the left eye. Corneal endothelial specular microscopy was unremarkable in the right eye and prevented by corneal oedema in the left eye. Confocal microscopic examination of the right cornea was unremarkable. In the left eye, it readily revealed the presence of epitheloid appearing endothelial cells. Unlike in the normal cornea (Fig 1A) , the abnormal endothelial cells presented hyperreflective nuclei ( Fig 1B) . Their tissue organisation was found to be similar to the normal endothelium, where the cells are relatively regular in shape and size. No inflammatory cells were seen.
Because of the suspicion of herpetic disciform keratitis, the patient was treated with topical trifluorothymidine 1% and prednisolone acetate 1% four times daily in the left eye. However, corneal oedema worsened over a period of 2 months following the first visit despite the treatment. A more careful examination of the anterior segment revealed subtle iris atrophy. The combination of iris abnormality and corneal oedema pointed to the diagnosis of ICE syndrome. Chandler's syndrome, one form of the ICE syndrome characterised by corneal decompensation, was suspected and a functional penetrating keratoplasty was performed. Intraoperatively, iris atrophy was confirmed. The abnormal cornea underwent histopathological examination and endothelial cells with characteristics of epithelial cells were found. On light microscopy they appeared larger in height compared with normal endothelial cells and at some areas were multilayered (Fig 2) . On scanning electron microscopy an abnormally high number of microvilli were found on the surface of abnormal cells (Fig 3) . right eye and 18 mm Hg in the left. The remainder of the ocular examination was normal.
Measurement of the corneal thickness by ultrasound pachymetry confirmed the clinical impression of early endothelial decompensation in the left eye. The right cornea measured 550 µm versus 617 µm in the left eye. Specular microscopy of the left eye revealed the presence of rounded dark cells with light borders and occasional light bodies within cell boundaries (Fig 4A) . In the right eye, specular microscopic examination showed moderate endothelial polymegathism (Fig 4B) . On confocal microscopy the right eye presented moderate endothelial polymegathism. In the left eye, groups of hyperreflective epithelial-like endothelial cells with highly reflective nuclei were seen (Fig 5A) . Other groups of cells had hyporeflective cytoplasms and hyperreflective boundaries and nuclei. They resembled the confocal microscopic appearance of epithelial wing cells (Fig 5B) .
14 Both groups of cells conserved the regular pattern of normal endothelium. In other areas, frankly abnormal cells with hyperreflective nuclei were detected ( Fig  5C) . They strongly mimic the appearance of corneal surface epithelial cells, 14 and cellular regularity in shape and size was lost. Small hyperreflective structures were found within and adjacent to these abnormal areas. Finally, relatively normal appearing cells adjacent to abnormal areas could be found. CASE 3 A 53 year old nurse previously diagnosed with the ICE syndrome volunteered to participate in the study. She had been diagnosed with unilateral glaucoma for at least 2 years and progressive iris atrophy was noted in the right eye. Uncomplicated trabeculectomy with mitomycin C application was performed 4 months Corneal thickness was 521 µm in the right eye and 514 µm in the left eye. Specular microscopy showed abnormal endothelial cells with dark light reversal and occasional central bright reflex in the right eye (Fig 6A) . The endothelium of the left eye appeared normal (Fig 6B) . Confocal microscopy of the endothelium revealed the presence of epithelial-like cells in the right eye (Fig 7) . Nuclei could be visualised with the abnormal cell morphology. The cells were relatively regular in size and shape.
Discussion
Specular microscopy is an invaluable diagnostic tool in the ICE syndrome. Demonstration of typical endothelial changes allows confirmation of the diagnosis. 15 However, in cases of corneal decompensation, as may occur in the ICE syndrome, its use may be precluded by the thickened, oedematous cornea. Advantages of confocal microscopy include high resolution imaging of the cells at all layers of the cornea. Reports of confocal microscopic findings in corneal diseases are essential in making the confocal microscope a clinically valuable diagnostic tool.
The ICE syndrome should be distinguished from posterior polymorphous dystrophy. The definite diagnosis may be made by specular microscopy. Abnormal endothelial cells with dark/light reversal, as found in patients 2 and 3, are pathognomonic of the ICE syndrome. 15 16 In patient 1, specular microscopy was prevented by corneal oedema. Therefore, other diagnostic criteria had to be used. Clinical features helped to distinguish the two entities. Unlike in posterior polymorphous dystrophy, which is bilateral, the presentation of patient 1 was unilateral. Furthermore, features in posterior polymorphous dystrophy include vesicles, banding, or Descemet's membrane opacity at the level of the endothelium, while the hammered silver appearance of the endothelium found in patient 1 was compatible with the diagnosis of the ICE syndrome. It should be noted that Fuchs' endothelial dystrophy may also present a hammered silver endothelial appearance. However, histopathological examination in our case excluded its eventuality. A herpetic origin was very unlikely because of lack of keratic precipitates, iritis, and response to topical steroids.
Our study suggests that the ICE syndrome may have three "epithelioid" presentations on confocal microscopy: epithelial-like cells with regular shape and size, cells resembling the appearance of epithelial wing cells on confocal microscopy, or highly disorganised cells frankly mimicking the appearance of surface corneal epithelial cells. Hyperreflective nuclei, which are found under normal conditions in the corneal epithelium but not in the endothelium, were common to the three presentations. Findings of epithelial features correlate well with previous histopathological reports. Histologically, populations of abnormal endothelial cells, named ICE cells, are characteristic of the disorder. They were found to be morphologically and immunohistochemically similar to corneal epithelial cells. 17 18 The ability to diVerentiate epithelial from endothelial phenotype is a diagnostic characteristic that is not provided by specular microscopy. When examined by transmission electron microscopy, human Descemet's membrane is composed of a thin non-banded layer adjacent to the stroma, an anterior banded zone composed of wide spaced collagen forming a highly ordered array, and a posterior amorphous unbanded zone. 19 Diseases such as the ICE syndrome have been reported with large amounts of wide spaced collagen deposition posterior to Descemet's membrane. 20 However, this abnormal collagen deposition could not be identified in our patients.
It should be pointed out that, in patient 1, microvilli on the surface of endothelial cells seen by electron microscopy might represent a regenerative activity. In patient 2, it is not clear whether the previous phacoemulsification might have contributed to the changes. In our opinion this is unlikely, since long term changes following phacoemulsification usually consist of cell loss rather than endothelial metaplasia. 21 In this patient, the exact nature of the hyperreflective structures is unknown. They do not appear to be cells of immune origin. They might represent keratin or other products secreted by the epithelioid metaplastic cells. Alternatively, they might represent cellular debris or products of cellular degeneration from the epithelial-like cells or even stressed endothelial cells. Further investigation of these materials is necessary to determine their composition and origin. Finally, endothelial polymegathism in the fellow eye in patient 2 has previously been reported in the ICE syndrome. 22 It should be noted that epithelial-like endothelial cells have also been reported in posterior polymorphous dystrophy. [23] [24] [25] It is not clear whether confocal microscopy may allow us to diVerentiate epithelial-like changes in the ICE syndrome from those found in posterior polymorphous dystrophy.
Cavanagh et al presented a case of ICE syndrome in a 18 year old patient. 26 Using confocal microscopy they found epithelial-like endothelial cells, where nuclei could also be identified. They did not describe changes in Descemet's membrane. In their case, the abnormal endothelial cells were relatively regular in shape and size and still conserved tissue architecture reminiscent of normal endothelial cells, just as in patients 1 and 3 of our study. In contrast, our second patient, who was much older, also presented frankly disorganised, abnormal, and epithelial-like cells. We hypothesise that the regular epithelial-like cells, seen in younger patients, represent an early stage of the disease, where the characteristic organisation of the endothelium is still preserved. As the disease progresses, the abnormal cells may become more irregular in size, shape, and reflectivity, and more epitheloid, thereby losing the tissue characteristics of the endothelium. This theory is supported by recent data suggesting that the epitheliallike cells result from endothelial metaplasia. 2 It is possible that with more advanced metaplasia, the endothelial cells would undergo more epitheloid changes and lose their regular pattern. Of interest is the coexistence of normal appearing endothelial cells and abnormal epithelial-like cells within the same cornea found in patient 2. It is compatible with the hypothesis that the abnormal cells would stem from one cell or a group of endothelial cells. These speculations correlate with previous evidence suggesting that some endothelial cells were undergoing a degenerative change while others were transforming into ICE cells. 27 However, this evidence needs to be validated by additional confocal microscopic observations and further studies are needed to understand the pathophysiological mechanisms leading to the endothelial changes in the ICE syndrome.
Confocal microscopy is a diagnostic tool with much potential. It may allow rapid diagnosis of the ICE syndrome by demonstrating epithelial-like endothelial cells with hyperreflective nuclei. It is especially of value in cases of Chandler's syndrome, where corneal oedema may prevent examination of the endothelium by specular microscopy.
